Increased energy efficiency is one of the most effective ways to achieve climate change mitigation. This study aims to evaluate the energy efficiency of seventeen countries. The evaluation is based on an integrated method that combines the super slack-based (super SBM) model and the Malmquist productivity index (MPI) to investigate the energy efficiency of seventeen countries during the period of 2010-2015. The results in this study are that the United States, Columbia, Japan, China, and Saudi Arabia perform the best in energy efficiency, whereas Brazil, Russia, Indonesia, and India perform the worst during the entire sample period. The energy efficiency of these countries arrived mainly from technological improvement. The study provides suggestions for the seventeen countries' government to control the energy consumption and contribute to environmental protection.
Introduction
Energy consumption and greenhouse gases are directly related to global warming and climate change. At present, due to the world's considerable economic growth, energy production is considered to have a key role in the economic development of many countries. However, energy production growth has led some nations to expend more costs with environmental pollution. Between the 1990s and 2005, the International Energy Agency estimated that global final energy use increased by 23%, while the associated carbon dioxide (CO 2 ) emissions rose by 25% [1] . Moreover, according to the U.S. Energy Information Administration, world energy consumption will increase by as much as 48% between 2012 and 2040. It contributes to almost 26% of global greenhouse gas emissions [2] . Thus, to slow down energy consumption and to promote low-carbon output development, improving energy efficiency becomes one of the most effective choices. Nowadays, in order to obtain a strategy of environmental protection and economic growth, many countries' governments have been implementing a package of policies to improve the energy efficiency. Ang [3] mentioned that energy efficiency performance can provide useful information for evaluating the effectiveness of energy efficiency polices. Furthermore, the measurement of the energy efficiency with the consideration of environmental factors can help to reduce energy consumption and mitigate environmental pollution [4] .
Therefore, it would be interesting to examine the energy efficiency mode of more countries where energy consumption efficiency is of the greatest concern.
In the context of energy efficiency estimation, there are numerous different indicators to ascertain energy efficiency according to definitions given in literature reviews [4] [5] [6] . Wang et al. [7] pointed and the Malmquist productivity index to estimate the energy efficiency of seventeen countries under consideration with and without undesirable factor during the period of 2010-2015. The performance estimation results from these two models may give a comprehensive view of overall energy and environmental productivity efficiency, technical efficiency, and technology efficiency of seventeen countries represented in this study. This research may help policy makers to improve energy efficiency, economic development, as well as to reduce environmental pollution.
The rest of this paper is organized as follows. Section 2 provides the proposed super SBM model and the Malmquist productivity index for the energy efficiency evaluation. Section 3 presents the data and describes the performance of seventeen countries in the period of 2010-2015. Section 4 summarizes and concludes the paper.
Methodologies
In this section, the study presents the super slack-based model, which is used to analyze the energy efficiency performance of seventeen countries that are central to this research. In addition, the Malmquist productivity index is implemented to measure the productivity efficiency, technical efficiency, and technology efficiency in time varying data of seventeen countries.
Super SBM Model
DEA is known as a useful method to measure the efficiencies of decision making units (DMUs). However, traditional DEA efficiency models cannot deal with undesirable outputs [27] . In fact, in the production process, desirable outputs and undesirable outputs are inevitable. Moreover, undesirable outputs are the most widely applied in the energy and environment efficiency measurement [28] [29] [30] . Tone [31] proposed a new measuring efficiency model based on slacks-based measure (SBM) model to give the super slacks-based measure (super SBM) model with undesirable outputs, which is implemented for assessing the efficiency of DMUs. Hence, the paper uses the super SBM model to investigate the energy efficiency coincident with CO 2 emissions in seventeen countries. We consider that there are n DMUs, each of them has three factors: inputs, desirable outputs, and undesirable outputs.
Let x ∈ R m be the input vector, let Y g ∈ R s 2 and Y b ∈ R s 2 be the desirables and undesirables output vector, respectively. We define the matrices as follows:
where
as the decision variables. According to Cooper et al. [32] , the super SBM model dealing with undesirable outputs for assessing the efficiency of DMU is (x 0 , y
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Malmquist Productivity Index
To evaluate the total energy performance of DMUs, this study applied the Malmquist productivity index (MPI) and the Malmquist carbon emission index extended by Färe et al. [14] and Zhou et al. [9] . We propose the energy efficiency performance overtime.
Let t and t + 1 refer to two time periods. Assume that
0 ) are the distance functions of the inputs and outputs at periods t for the environmental DEA technologies at t and t + 1, respectively. The energy performance index is defined as follows:
where M t+1 t is the index between periods t and t + 1.
indicates that the energy performance has increased or declined. As Zhou et al. [9] , the Malmquist carbon emissions performance index can be decomposed into two components: technical efficiency change (TEC) and the efficiency frontier change (FC).
Equation (4) evaluates the change in the energy efficiency index of DMUs. Equation (5) evaluates the technology shifts from t to t + 1.
Research Procedure
This study was divided into five steps, as shown in Figure 1 . The first step is to perform the data collection. According to total primary energy consumption by country, an index of the top fifty nations in energy consumption is to be considered. However, due to data availability, this study collects data from only seventeen countries as a relative sample used to evaluate national energy efficiency. Equation (4) evaluates the change in the energy efficiency index of DMUs. Equation (5) evaluates the technology shifts from t to 1 + t .
This study was divided into five steps, as shown in Figure 1 . The first step is to perform the data collection. According to total primary energy consumption by country, an index of the top fifty nations in energy consumption is to be considered. However, due to data availability, this study collects data from only seventeen countries as a relative sample used to evaluate national energy efficiency. The second step is to choose the input and output variables. To achieve the purpose of energy efficiency estimation, the input and output indicators must include economic, energy, and environmental factors. This study chooses three input factors: gross capital formation, labor force, and total energy consumption. Two output factors are considered to be gross domestic product (GDP) and CO2 emissions resulting from fuel combustion. These factors also meet the requirement of DEA approach to the number of DMU.
The third step is to evaluate the energy efficiency of seventeen countries. The super SBM model and MPI of DEA-Solver software is applied for the calculations in Step 3. Firstly, the research applied to the super SBM model used to rank and then to analyze the energy efficiency with and without consideration of the CO2 emissions factor. Secondly, energy efficiency overall productivity efficiency, technical efficiency, and technology efficiency are estimated based on the MPI.
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Empirical Study

Data
According to the list of countries by carbon dioxide emissions [33] , there are forty-nine countries with the highest CO 2 emissions in 2015. However, due to data availability, this study takes the data of seventeen countries as a sample. The data are collected for a six year period from 2010-2015. Based on previous studies, we employ annual data on the gross capital formation and labor force as two non-energy inputs, while gross domestic product (GDP) exists as a desirable output and carbon dioxide emission as an undesirable output. The data on gross capital formation, labor force, and GDP are obtained from the World Bank [34] . The total energy consumption and CO 2 emissions are gathered from the Enerdata Yearbook [35] . Gross capital formation consists of outlays on additions to the fixed assets of the economy plus net changes in the level of inventories [36] . Thus, the paper uses the growth of gross capital formation as a proxy for capital stock. The variables employed in this paper based on the literature [37] . The data for labor force comprises of people who supply labor for the production of goods and services during a specified period [34] . GDP data are given in terms of current U.S dollars. The total energy consumption includes coal, gas, oil, electricity, heat, and biomass. The CO 2 emissions result from fuel combustion (coal, oil, and gas). Table 1 shows a summary of statistics for input and output factors for selected years between 2010 and 2015 for seventeen countries in this study. The study point out that, on average, the gross capital formation, labor force, total energy consumption, GDP, and CO 2 emissions for seventeen countries are all significant from 2010 to 2015. 
The Variation Analysis of Seventeen Countries Average Efficiency
This study applies the super SBM model to examine the energy efficiency in seventeen countries. The research used two tests to evaluate energy efficiency. In the first test, the energy efficiency with consideration to the undesirable output was estimated for all seventeen countries by using the super SBM model. In the second test, the energy efficiency without consideration of the undesirable output was appreciated by using the super SBM model. The purpose is to provide a comparison between the effects of consideration with and without the undesirable factor. Figures 2 and 3 pointed out the detailed evaluation results of the two tests. undesirable output was appreciated by using the super SBM model. The purpose is to provide a comparison between the effects of consideration with and without the undesirable factor. Figures 2 and 3 pointed out the detailed evaluation results of the two tests. It can be seen from Figure 2 that the mean energy efficiency of seventeen countries from 2010 to 2015, with consideration of CO2 emissions, is 1.06. The average energy efficiency in China, the United States, Japan, Columbia, and Saudi Arabia is higher than 1.20 with consideration of undesirable output. The efficiency levels are lower than 0.5 in Brazil, Indonesia and India. The other countries' energy efficiency levels are between 0.5 and 1.20.
In 2015, ten countries, namely the United States, Colombia, Saudi Arabia, China, United Kingdom, Poland, South Africa, Canada, Italy, and Japan were considered to be highly energy and environmentally efficient, with average scores larger than 1.01. The other seven countries had average efficiency scores of between 0.19 and 0.92. India's performance was deemed to be the worst. Figure 3 shows that from 2010 to 2015, the mean energy efficiency without consideration of CO2 emissions is 0.945. The average energy efficiency in the United States, Columbia, and Saudi Arabia are higher than 1.18 without considering undesirable output. The average energy efficiency levels of China, India, Indonesia, Brazil, Mexico, and South Africa, are lower than 0.5. The average energy efficiency levels of Japan, Germany, France, the United Kingdom, Italy, Poland, and Canada are located between 0.8 and 1.0. undesirable output was appreciated by using the super SBM model. The purpose is to provide a comparison between the effects of consideration with and without the undesirable factor. Figures 2 and 3 pointed out the detailed evaluation results of the two tests. It can be seen from Figure 2 that the mean energy efficiency of seventeen countries from 2010 to 2015, with consideration of CO2 emissions, is 1.06. The average energy efficiency in China, the United States, Japan, Columbia, and Saudi Arabia is higher than 1.20 with consideration of undesirable output. The efficiency levels are lower than 0.5 in Brazil, Indonesia and India. The other countries' energy efficiency levels are between 0.5 and 1.20.
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In 2015, ten countries, namely the United States, Colombia, Saudi Arabia, China, United Kingdom, Poland, South Africa, Canada, Italy, and Japan were considered to be highly energy and environmentally efficient, with average scores larger than 1.01. The other seven countries had average efficiency scores of between 0.19 and 0.92. India's performance was deemed to be the worst. Figure 3 shows that from 2010 to 2015, the mean energy efficiency without consideration of CO 2 emissions is 0.945. The average energy efficiency in the United States, Columbia, and Saudi Arabia are higher than 1.18 without considering undesirable output. The average energy efficiency levels of China, India, Indonesia, Brazil, Mexico, and South Africa, are lower than 0.5. The average energy efficiency levels of Japan, Germany, France, the United Kingdom, Italy, Poland, and Canada are located between 0.8 and 1.0.
The results of Figures 2 and 3 show that there is little difference between the efficiency levels with or without consideration of the CO 2 emissions factor. The average score of all of the countries with consideration of the CO 2 emissions factor is higher than the efficiency without consideration of the CO 2 emissions factor. This indicates that the energy of these countries has high efficiency, but at the cost of environmental pollution. Thus, it is significant to consider the undesirable output factors when energy efficiency evaluation is to be made. Figure 4 compares the seventeen countries average energy efficiency between consideration with the CO 2 emissions factor and without the CO 2 emissions factor in 2010-2015. According to Figure 3 , the average energy efficiency without consideration of the CO 2 emissions factor declines from 0.927 in 2010, and to 0.89 in 2015, a 3.7% drop. The average energy efficiency with consideration of the CO 2 emissions factor increases from 1.03 in 2010 to 1.13 in 2013; and, it decreased in 2015 by 6% when compared with 2010. Meanwhile, from 2010 to 2015, the energy efficiency with consideration of the CO 2 emissions factor in output is always lower than the efficiency without consideration of CO 2 emissions output. This indicates the impact of environmental pollution on overall energy efficiency.
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Total Energy Overall Productivity Efficiency, Technical Efficiency and Technology Efficiency
The study measures the average energy performance of seventeen countries over time. To better understand the energy performance and productivity growth in the seventeen selected countries, the study analyzes two types of energy productivity performance: energy productivity performance with consideration of the CO2 emissions factor as undesirable output, and energy productivity performance without consideration of the CO2 emissions factor. Table 2 presents the energy productivity performance of seventeen countries from 2010-2015. It can be seen that most of the energy productivity performance with consideration of the CO2 emissions of seventeen countries is larger than one in the sample periods of 2010-2011 and 2011-2012. The average of the index is 1.04 and 1.05, respectively. 
The study measures the average energy performance of seventeen countries over time. To better understand the energy performance and productivity growth in the seventeen selected countries, the study analyzes two types of energy productivity performance: energy productivity performance with consideration of the CO 2 emissions factor as undesirable output, and energy productivity performance without consideration of the CO 2 emissions factor. Table 2 presents the energy productivity performance of seventeen countries from 2010-2015. It can be seen that most of the energy productivity performance with consideration of the CO 2 emissions of seventeen countries is larger than one in the sample periods of 2010-2011 and 2011-2012. The average of the index is 1.04 and 1.05, respectively. During the sample period, the seventeen countries as a whole experienced a positive change (=1.01). However, the energy productivity efficiency decreased by 6.4% in 2014-2015 when compared with 2010-2011. Thus, during three periods of time (i.e., 2012-2013, 2013-2014, and 2014-2015), there was a demonstrable negative change. The average energy productivity performance index estimates that during the period of 2010-2015, China, India, Indonesia, the United States, Russia, Germany, the United Kingdom, Italy, Columbia, and Poland seem to have made slight progress in their energy productivity units. The average score of these countries is larger than 1, respectively. Japan and South Africa are the only two countries that decreased in terms of their energy productivity performance. Figure 5 shows the average productivity efficiency score of different countries over time. The average of the index for Japan is 0.98, appearing as the lowest score. The average efficiency score of China is 1.04, representing the highest score in 2010-2015, followed by Italy. With an average score increase of 87.7% in the period of 2011-2012 as compared with 2010-2011, the United States likewise experienced good performance in energy productivity. From the results, it can be seen that China, Italy, and the United States showed progress in total energy productivity, while Japan showed a slight decrease in energy productivity and environmental efficiency. During the sample period, the seventeen countries as a whole experienced a positive change (=1.01). However, the energy productivity efficiency decreased by 6.4% in 2014-2015 when compared with 2010-2011. Thus, during three periods of time (i.e., 2012-2013, 2013-2014, and 2014-2015) , there was a demonstrable negative change. The average energy productivity performance index estimates that during the period of 2010-2015, China, India, Indonesia, the United States, Russia, Germany, the United Kingdom, Italy, Columbia, and Poland seem to have made slight progress in their energy productivity units. The average score of these countries is larger than 1, respectively. Japan and South Africa are the only two countries that decreased in terms of their energy productivity performance. Figure 5 shows the average productivity efficiency score of different countries over time. The average of the index for Japan is 0.98, appearing as the lowest score. The average efficiency score of China is 1.04, representing the highest score in 2010-2015, followed by Italy. With an average score increase of 87.7% in the period of 2011-2012 as compared with 2010-2011, the United States likewise experienced good performance in energy productivity. From the results, it can be seen that China, Italy, and the United States showed progress in total energy productivity, while Japan showed a slight decrease in energy productivity and environmental efficiency. Table 3 shows the result of energy productivity performance without consideration of the CO2 emissions factor. The result indicates that most of the countries have reached energy productivity efficiency in the period 2010-1011. However, in the period 2013-2015, due to the global financial crisis, all seventeen countries deteriorated in total energy productivity except for China. China is found to be the best in energy productivity in 2013-2015, followed by the United States. During the period 2010-2015, the entire seventeen countries also experienced positive change (=1.01). all seventeen countries deteriorated in total energy productivity except for China. China is found to be the best in energy productivity in 2013-2015, followed by the United States. During the period 2010-2015, the entire seventeen countries also experienced positive change (=1.01).
Finally, the findings in Table 3 and Figure 4 show the difference in energy productivity performance when considering CO 2 emissions and without considering the CO 2 emissions factor. The average energy productivity of seventeen countries with consideration of CO 2 emissions declined from 1.04 in 2010-2011 to 0.90 in 2014-2015. With consideration of the CO 2 emissions factor, all seventeen countries experienced an annual 14.2% decrease in total energy efficiency. Without considering the CO 2 emissions factor, all seventeen countries showed a 19% regression in energy productivity in 2010-2015. This means that all seventeen countries had the most energy productivity growth when factoring in CO 2 emissions along with GDP growth. These factors are important when evaluating the total energy productivity growth. It provides an overview about the presence of a country. Figure 6 shows the average score of energy productivity index without consideration of CO 2 emissions for all seventeen countries. The results indicate that the average score of Russia is 1.33, this being the highest energy productivity, with an annual growth rate of 2.4%. This rate level is followed by China, Italy, and the United Kingdom, with efficiency scores of 1.13; 1.03, and 1.02, respectively, while South Africa, with an average score of 0.80, has the lowest energy productivity of all seventeen countries observed. Next, we compose energy efficiency with CO2 emissions by energy technical change and energy technology change. Table 4 shows the energy technical change (catch-up effect) of seventeen countries. In the period of 2010-2015, the average energy technical change for all countries reached the efficiency score of 1. It is found that the seventeen countries as a whole had improved by 3% since 2010 in terms of their technical energy. However, there are six countries, namely China, the United States, Japan, the United Kingdom, South Africa, and Poland, which did not change in terms of their technical energy efficiency (=1.0) over time. Among the seventeen countries, Indonesia, India, Russia, and Canada are found to be significant in terms of their technical energy efficiency. Brazil and France possess average scores lower than 1, which means that these two countries were not successful in technical best practices in the sample period. Next, we compose energy efficiency with CO 2 emissions by energy technical change and energy technology change. Table 4 shows the energy technical change (catch-up effect) of seventeen countries. In the period of 2010-2015, the average energy technical change for all countries reached the efficiency score of 1. It is found that the seventeen countries as a whole had improved by 3% since 2010 in terms of their technical energy. However, there are six countries, namely China, the United States, Japan, the United Kingdom, South Africa, and Poland, which did not change in terms of their technical energy efficiency (=1.0) over time. Among the seventeen countries, Indonesia, India, Russia, and Canada are found to be significant in terms of their technical energy efficiency. Brazil and France possess average scores lower than 1, which means that these two countries were not successful in technical best practices in the sample period. It can be observed from Figure 7 that the technical efficiency of Indonesia shows the highest score (=1.02). This result indicates that Indonesia has grown in technical energy change in the period 2010-1015. In the period 2014-2015, the mean value of technical efficiency change for India is 1.03, which means a 7% improvement has taken place in technical energy change when compared with results in 2010-2011. This status is followed by Indonesia and Russia. It can be observed from Figure 7 that the technical efficiency of Indonesia shows the highest score (=1.02). This result indicates that Indonesia has grown in technical energy change in the period 2010-1015. In the period 2014-2015, the mean value of technical efficiency change for India is 1.03, which means a 7% improvement has taken place in technical energy change when compared with results in 2010-2011. This status is followed by Indonesia and Russia. Another fifteen countries have an average score larger than 1, which means that they have experienced a significant technological improvement during the sample period. The increase of frontier index for these seventeen countries could be a signal of the global economic change which has taken place in recent years.
We may conclude that the improvement in energy efficiency with consideration of CO2 emissions is mainly due to technical improvement and is based on this economic shock. Table 5 shows the results of the energy technological change in seventeen countries. The results indicate that most countries have experienced a slight change in their energy technological efficiency. France and Saudi Arabia in 2011-2012; the United States, Japan, Germany, and Canada in 2012-2013; South Africa in 2013-2014; India, Brazil, the United Kingdom, and Italy in 2014-2015, are all less significant. Besides, among seventeen countries, the average score of Japan and South Africa are below the number one. It designates that these two countries that have dropped in their energy technological efficiency from 2010-2015. Another fifteen countries have an average score larger than 1, which means that they have experienced a significant technological improvement during the sample period. The increase of frontier index for these seventeen countries could be a signal of the global economic change which has taken place in recent years.
We may conclude that the improvement in energy efficiency with consideration of CO 2 emissions is mainly due to technical improvement and is based on this economic shock. As shown in Figure 8 , 
Conclusions
This study employs DEA models including the super SBM and the Malmquist productivity index to measure the energy and environmetal efficiency. For this paper, a sample of seventeen countries for the period 2010-2015 is used. The total energy and enviromental efficiency of seventeen countries are observed. First, the super SBM model is used to compare the energy efficiency with and without consideration of carbon dioxide emission as an undersirable output. The empirical results show that when considering carbon dioxide emission as a factor, all seventeen countries showed a decline in efficiency performance by 6%. Without considering the CO2 factor, these countries found a 3.7% decrease in efficiency performance from 2010-2015. Second, we applied the Malmquist productivity to evaluate the energy and environmetal efficiency of seventeen countries by measuring the productivity efficiency, technical efficiency, and technology efficiency levels from 2010-2015. 
This study employs DEA models including the super SBM and the Malmquist productivity index to measure the energy and environmetal efficiency. For this paper, a sample of seventeen countries for the period 2010-2015 is used. The total energy and enviromental efficiency of seventeen countries are observed. First, the super SBM model is used to compare the energy efficiency with and without consideration of carbon dioxide emission as an undersirable output. The empirical results show that when considering carbon dioxide emission as a factor, all seventeen countries showed a decline in efficiency performance by 6%. Without considering the CO 2 factor, these countries found a 3.7% decrease in efficiency performance from 2010-2015. Second, we applied the Malmquist productivity to evaluate the energy and environmetal efficiency of seventeen countries by measuring the productivity efficiency, technical efficiency, and technology efficiency levels from 2010-2015.
The productivity efficiency with and without consideration of CO 2 emissions as undersirable outputs have all been considered. It is clear to observe that by considering the CO 2 emissions factor in the output, the results indicate that the average energy productivity efficiency of seventeen countries tends to fall by as much as 3%.
By measuring the energy performance index in terms of technical change and technological change, we may see that the total energy efficiency of seventeen countries improved by 2.6% from 2010-2015. This is due in large part from the progress in technical change. The empirical study has shown that the United States ranks first, followed by Columbia, Japan, China, and Saudi Arabia, which have improved in their energy performance and environmental efficiency. By contrast, Brazil, Russia, Indonesia, and India have seen deterioration in energy performance.
According to the new climate economy, it is estimated that improving energy efficiency is crucial. Moreover, it is a proven way to reduce Greenhouse gas emissions cost effectively, increase economic activity, and improve resource productivity.
The main contribution of this paper is to provide an evaluation and comparison of the energy and environmental efficiency of seventeen countries. The research results may help to improve energy efficiency, to achieve economic growth, and to address environmental protection goals. The findings in this study provide policymakers with incentive to achieve cleaner production, energy consumption efficiency, and a reduction of CO 2 emissions. The estimation results may give useful information and practical suggestions for the governments of seventeen countries to realize their collective goal of contributing to the saving and mitigating impacts of global climate change.
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